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(54) Oxygen detecting composition 

(57) The oxygen detecting composition of the 
present invention comprises a layered silicate, a cation- 
ic surfactant, an organic colorant, a reducing agent, and 
optionally a basic substance. The oxygen detecting 
composition is suitable for indicating the presence or ab- 



sence of oxygen or the degree of oxygen concentration 
by its reversible color change because of its high light 
resistance, high heat resistance, transparency and 
translucency. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001 ] The present invention relates to an oxygen de- 
tecting composition, more particularly, relates to an ox- 
ygen detecting composition capable of indicating the 
presence or absence of oxygen or the degree of oxygen 
concentration by its color change, and exhibiting a good 
light and heat stability. The present invention further re- 
lates to an oxygen detecting agent and an oxygen de- 
tecting ink pigment each comprising the oxygen detect- 
ing composition. 

2. Description of the Prior Art 

[0002] Hitherto, there have been proposed oxygen 
detecting agents utilizing the reversible color change of 
organic colorants by oxidation-reduction reaction. For 
example, Japanese Patent Application Laid-Open Nos. 
53-1 1 7495 and 53-1 20493 disclose solid oxygen detect- 
ing agents comprising an organic colorant such as thi- 
azine dye, azine dye and oxazine dye, a reducing agent 
and a basic substance. Japanese Patent Application 
Laid-Open No. 56-84772 discloses an oxygen indicator 
ink composition prepared by dissolving or dispersing a 
thiazine dye or the like together with a reducing sugar 
and an alkaline substance into a resin solution. A com- 
mercially available oxygen detecting agent (for exam- 
ple, "AGELESS EYE", trademark of Mitsubishi Gas 
Chemical Company, Inc.) is a functional product for in- 
dicating a deoxygenated condition (oxygen content of 
less than 0.1% by volume) of a transparent packaging 
container in a simple manner by its color change, and 
has been used together with an oxygen-absorbing 
agent (for example, "AGELESS", trademark of Mitsubi- 
shi Gas Chemical Company, Inc.) to maintain a fresh- 
ness of foods and to prevent the degradation of medical 
and pharmaceutical products. 

[0003] The conventional oxygen detecting agent, 
however, is insufficient in the light and heat resistance, 
for example, tends to cause discoloration or deteriora- 
tion in color change function upon exposure to light as 
well as cause browning or deterioration in color change 
function under high temperatures. To maintain its clear 
colorfora long period of time, therefore, the convention- 
al oxygen detecting agent must be stored by screening 
from light at low temperatures. This tendency is remark- 
able in case of a printed oxygen detecting agent com- 
prising an ink having an oxygen detecting function. 
[0004] In addition, the conventional oxygen detecting 
agent is opaque to hide the packaged contents such as 
foods, medical products and pharmaceutical products, 
thereby unfavorably making the contents invisible out- 
wardly. 



SUMMARY OF THE INVENTION 

[0005] An object of the present invention is to provide 
a light-resistant and heat-resistant oxygen detecting 

5 composition and an oxygen detecting agent. 

Another object of the present invention is to provide a 
transparent or translucent solid oxygen detecting agent 
and an oxygen detecting ink pigment. 
[0006] As a result of extensive research, the inventors 

10 have found that an oxygen detecting composition com- 
prising a composite material prepared by mixing a lay- 
ered silicate (sheet silicate), a cationic surfactant, an or- 
ganic colorant, a reducing agent and an optional basic 
substance is excellent in the heat resistance and the 

15 light resistance. The inventors have further found that 
an oxygen detecting agent and an oxygen detecting ink 
pigment each comprising a composite material of a lay- 
ered silicate intercalated with a cationic surfactant, an 
organic colorant, a reducing agent and an optional basic 

20 substance is not only excellent in the light resistance 
and the heat resistance, but also transparent or trans- 
lucent. The present invention has been accomplished 
on the basis of these findings. 

25 DETAILED DESCRIPTION OF THE INVENTION 

[0007] The oxygen detecting composition according 
to the present invention contains, as the essential con- 
stituting components, a cationic surfactant, an organic 
30 colorant, a reducing agent and a layered silicate (sheet 
silicate), or a cationic surfactant, an organic colorant, a 
reducing agent, a basic substance and a layered sili- 
cate. Preferably, the cationic surfactant, the organic col- 
orant, the reducing agent and the optional basic sub- 
35 stance are intercalated into the layered silicate. 

[0008] The cationic surfactants usable in the present 
invention are those having cationic atoms and lipophilic 
groups in their molecules, and being capable of gener- 
ating organic cations in water by ionization. As the cat- 
40 ionic surfactant, a quaternary ammonium salt is typically 
mentioned, with a quaternary ammonium salt having 
four carbon groups including at least one lipophilic group 
bonded to the nitrogen atom being preferred. 
[0009] The lipophilic group means a non-polar atomic 
45 group having a strong affinity for oil, but less interacting 
with water. Examples of the lipophilic group include 
chain- and cyclic hydrocarbon groups, aromatic hydro- 
carbon groups, halogenated alkyl groups, organosili- 
cone groups, and fluorocarbon groups. 
50 [0010] The cationic surfactant is preferably cetyltri- 
methylammonium bromide, cetyltrimethylammonium 
chloride, stearyltrimethylammonium chloride, stearyltri 
(methylbenzyl)ammonium chloride, distearyldimethyl- 
ammonium chloride, or distearyldi(methylbenzyl)am- 
55 monium chloride. 

[0011] The organic colorant usable in the present in- 
vention is an aromatic compound having a long conju- 
gated double bond system containing mobile n elec- 
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trons, and is capable of reversibly changing its color by 
oxidation-reduction reaction. Examples of the organic 
colorant include oxidation-reduction indicators, thiazine 
dyes, azine dyes, oxazine dyes, indigoid dyes, and thio- 
indigoid dyes. Specific examples include methylene 
blue, new methylene blue, methylene green, variamine 
blue B, diphenylamine, ferroin, capri blue, safranine T, 
indigo, indigo carmine, indigo white, and indirubin. Of 
these, preferred are triazine dyes represented by meth- 
ylene blue. 

[0012] The reducing agent used in the present inven- 
tion is a compound capable of reducing the organic col- 
orant in an atmosphere having an oxygen concentration 
lower than that of atmospheric air. Examples of the re- 
ducing agents include monosaccharides such as glu- 
cose, fructose and xylose; reducing disaccharides such 
as maltose; ascorbic acid and its salts; dithionous acid 
and its salts; and cysteine and its salts. 
[0013] In some cases, it is preferred to combinedly 
use the basic substance to enhance the reduction ac- 
tivity of the reducing agent. As the basic substance, 
there may be used hydroxides such as sodium hydrox- 
ide, potassium hydroxide and calcium hydroxide; and 
carbonates such as sodium carbonate, potassium car- 
bonate and sodium hydrogen carbonate. The amount of 
the basic substance, if used, is preferably 0.001 to 10 
parts by weight, more preferably 0.01 to 1 part by weight 
based on one part by weight of the layered silicate. 
[001 4] The layered silicate (sheet silicate) used in the 
present invention has a layered structure that comprises 
a number of sheets repeatedly stacked in parallel, each 
sheet being constituted by the atomic groups (inclusive 
of ion-containing groups) arranged in plane. Specifical- 
ly, the layered silicate is an inorganic layered compound 
that is constructed by tetrahedron sheets composed of 
silicon atoms, aluminum atoms and oxygen atoms and 
octahedron sheets composed of aluminum atoms, mag- 
nesium atoms, oxygen atoms and hydrogen atoms in a 
ratio of 1:1 or 2:1. 

[001 5] Further, in addition to the above atoms, the tet- 
rahedron sheet may contain iron atoms, and the octa- 
hedron sheet may contain iron atoms, chromium atoms, 
manganese atoms, nickel atoms or lithium atoms. In ad- 
dition to molecules of water, cations such as potassium 
ion, sodium ion or calcium ion may be present as ex- 
changeable cations between the layers of the layered 
silicate. 

[0016] The layered silicate used in the present inven- 
tion is preferably a smectite group silicate, for example, 
a natural layered silicate such as montmorillonite, beid- 
ellite, saponite, hectorite and sauconite which are be- 
longing to smectite group (natural smectite). A layered 
silicate belonging to smectite group that is produced 
from an inorganic compound by hydrothermal synthesis 
(synthetic smectite) is also usable. Of these, preferred 
is the synthetic smectite. 

[0017] In the oxygen detecting composition of the 
present invention, the addition amounts are 0.1 to 100 



parts by weight, preferably 0.5 to 50 parts by weight, 
more preferably 1 to 1 0 parts by weight for the cationic 
surfactant, 0.001 to 10 parts by weight, preferably 0.01 
to 1 part by weight for the organic colorant, and 0.01 to 

5 200 parts by weight, preferably 0.1 to 100 parts by 
weight for the reducing agent, each based on one part 
by weight of the layered silicate. 
[0018] The oxygen detecting composition of the 
present invention may be prepared by mixing an aque- 

10 ous dispersion of the layered silicate and an aqueous 
solution dissolving the cationic surfactant, the organic 
colorant, the reducing agent and the optional basic sub- 
stance. 

[0019] The oxygen detecting composition of the 

15 present invention is preferably a composite material of 
the layered silicate intercalated with the cationic sur- 
factant, the organic colorant, the reducing agent and the 
optional basic substance, although not specifically lim- 
ited thereto. The intercalation of the organic colorant, 

20 etc. can be confirmed by X-ray diffraction or by the color 
change function attributable to the organic colorant and 
the reducing agent that are brought close together by 
the action of the intercalated cationic surfactant. 
[0020] The oxygen detecting composition of the 

25 present invention may be made into a powdery oxygen 
detecting agent by mixing with an inorganic substance. 
A known inorganic substance such as zeolite may be 
used, and a basic inorganic substance such as magne- 
sium carbonate is particularly preferable. The amount 

30 of the inorganic substance is preferably 50 to 500 parts 
by weight based on one part by weight of the layered 
silicate. 

[0021] The mixture of the oxygen detecting composi- 
tion of the present invention and the inorganic sub- 

35 stance may be tableted into a tablet-type oxygen detect- 
ing agent. An oxygen detecting agent of film, sheet or 
thread shape can be obtained by impregnating a paper, 
cloth or thread with an alkaline aqueous solution of the 
oxygen detecting composition of the present invention. 

40 [0022] The oxygen detecting agent may be also pre- 
pared in the same manner as in the production method 
for the conventional oxygen detecting agent except for 
adding the cationic surfactant and using an aqueous dis- 
persion or solution of the solid layered silicate instead 

45 of water used in the conventional method. 

[0023] The intercalation of the cationic surfactant into 
the layered silicate can be attained by replacing ex- 
changeable cations present between the layers of the 
layered silicate with the cationic surfactant. Therefore, 

50 the cationic surfactant is used in the present invention. 
If the organic colorant or the reducing agent is cationic, 
the intercalation thereof can be effected by replacing the 
exchangeable cations with the organic colorant or the 
reducing agent. If nonionic, the intercalation of the or- 

55 ganic colorant or the reducing agent is effected in coop- 
eration with the cationic surfactant. The intercalation of 
the basic substance is effected in cooperation with the 
cationic surfactant. 
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[0024] The interlayer distance of the layered silicate 
is expanded by the intercalation of the cationic sur- 
factant, organic colorant and reducing agent. The inter- 
calation is therefore confirmed by measuring the inter- 
layer distance, for example, by X-ray diffractometry. 
[0025] The oxygen detecting composition of the 
present invention may be produced by mixing an aque- 
ous dispersion of the layered silicate with an aqueous 
solution containing the cationic surfactant, the organic 
colorant, the reducing agent and the optional basic sub- 
stance; removing water by filtration or centrifugation; 
and drying in the form of a thin film or a massive solid. 
Alternatively, a solid oxygen detecting composition may 
be produced by mixing a solid layered silicate with a sol- 
id or liquid cationic surfactant, organic colorant, reduc- 
ing agent and optional basic substance using a mortar 
or the like. In this method, a small amount of a solvent 
such as water and alcohol may be added, if required. It 
was confirmed by X-ray diffractometry that the interlayer 
distance of the layered silicate contained in the oxygen 
detecting composition obtained in this method was ex- 
panded. 

[0026] The oxygen detecting composition of the 
present invention may be a solid pigment and is there- 
fore used as it is or formed into a shaped article such as 
film. Alternatively, the oxygen detecting composition 
may be dispersed in another solid material or mixed with 
another solid material to prepare an oxygen detecting 
agent in the form of tablet, sheet, film or other shapes. 
The oxygen detecting composition also serves as a pig- 
ment for an oxygen detecting ink, and is therefore made 
into an oxygen detecting ink by mixing with a solvent, a 
binder or the like. Letters, figures, patterns, etc. of the 
oxygen detecting ink can be provided on paper, plastic 
tape, etc. by the application or printing, thereby obtain- 
ing the oxygen detector for indicating the presence (or 
absence) of oxygen. In addition, by printing letters, fig- 
ures, patterns, etc. with the oxygen detecting ink on the 
inner surface of a gas-barrier container, the surface of 
an oxygen absorbing package, etc., the presence or ab- 
sence of oxygen within the container can be recognized 
from outside. 

[0027] The present invention will be described in more 
detail below with reference to the following examples 
and comparative examples. However, these examples 
are only illustrative and not intended to limit the present 
invention thereto. 

EXAMPLE 1 

[0028] Into 20 mL of 5.0 g/L aqueous dispersion of a 
layered silicate (synthetic smectite, "SUMECTON SA", 
trade name of Kunimine Industries Co., Ltd., hereinafter 
simply referred to as "smectite"), was added 10 mL of 
aqueous solution dissolving 0.01 g of methylene blue, 
1.0 g of D-(+)-glucose and 0.18 g of cetyltrimethylam- 
monium bromide. By impregnating 25g of magnesium 
carbonate with the resultant mixture, a powdery blue ox- 



ygen detecting agent was prepared. 
[0029] The following color change test was conducted 
using the powdery blue oxygen detecting agent. The ox- 
ygen detecting agent was hermetically stored in a gas- 
5 barrier container together with a commercially available 
oxygen absorbing agent ("AGELESS SA", trademark of 
Mitsubishi Gas Chemical Company, Inc.). The oxygen 
concentration in the container was traced by a zirconia 
oxygen analyzer. The oxygen detecting agent changed 
10 its color from blue to white almost simultaneously with 
reaching a deoxygenated state (oxygen concentration 
of less than 0.1% by volume), and immediately returned 
its colorto blue upon exposure to air by opening the con- 
tainer. This procedure was repeated to confirm that the 
15 color change was reversible with respect to the oxygen 
concentration. 

EXAMPLE 2 

20 [0030] A mixture of 20 mL of a 5.0 g/L aqueous dis- 
persion of smectite and 5 mL of aqueous solution dis- 
solving 0.01 g of methylene blue, 1 .0 g of D-(+)-glucose 
and 0.36 g of cetyltrimethylammonium bromide was ad- 
justed to pH 11 .0 by adding dropwise a 0.1 N NaOH. A 

25 filter paper was impregnated with the resulting mixture 
to obtain a blue oxygen detecting agent of sheet type. 
[0031 ] The oxygen detecting agent contained 1 .2 mol 
of cetyltrimethylammonium bromide, 0.056 mol of meth- 
ylene blue and 8.6 mol of D-(+)-glucose, each based on 

30 1 .o charge equivalent of the exchangeable cations in the 
smectite. 

[0032] Using the blue oxygen detecting agent of sheet 
type, the color change test was carried out in the same 
manner as in Example 1 . The oxygen detecting agent 

35 changed its color to white almost at the same time when 
the inner atmosphere of the gas-barrier container be- 
came a deoxygenated state (oxygen concentration of 
less than 0.1% by volume), and immediately returned 
its colorto blue upon exposure to air by opening the con- 

40 tainer. This procedure was repeated to confirm that the 
color change was reversible with respect to the oxygen 
concentration. 

EXAMPLE 3 

45 

[0033] Into 15 mL of a 5.0 g/L aqueous dispersion of 
smectite, was added 1 5 mL of aqueous solution dissolv- 
ing 0.03 g of methylene blue, 0.02 g of Phloxine, 2.5 g 
of xylose and 0.32 g of cetyltrimethylammonium chlo- 
50 ride. After impregnating 50 g of magnesium carbonate 
with the mixture, the resulting powder was tableted to 
prepare a bluish purple oxygen detecting agent of tablet 
type. 

[0034] Using the oxygen detecting agent thus pre- 
55 pared, the following accelerated light exposure test was 
carried out. The oxygen detecting agent was exposed 
to a 5000 Ix visible light from a fluorescent lamp at 25°C 
and 60% RH in air. The change of concentration of the 
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organic colorant was traced by a visible spectrophotom- 
eter, and the light resistance was evaluated by the de- 
gree of change. Even after 96 h of the exposure to the 
fluorescent light, the peak intensity of the maximum ab- 
sorption of methylene blue at about 650 nm was not de- 
creased. 

COMPARATIVE EXAMPLE 1 

[0035] A commercially available oxygen detecting 
agent of tablet type ("AGELESS EYE C", trademark of 
Mitsubishi Gas Chemical Company, Inc.) was exposed 
to a 5000 Ix visible light from a fluorescent lamp at 25°C 
and 60% RH in air in the same manner as in Example 
3 to carry out the accelerated light exposure test. After 
96 h of starting the exposure to the fluorescent light, the 
peak intensity of the maximum absorption of methylene 
blue at about 650 nm was decreased by 25%. 

EXAMPLE 4 

[0036] The bluish purple oxygen detecting agent of 
tablet type was subjected to an accelerated heat expo- 
sure test at 60°C and 60% RH in a deoxygenated at- 
mosphere. Specifically, the oxygen detecting agent was 
placed in a gas-barrier container and hermetically 
stored under a deoxygenated condition (oxygen con- 
centration of less than 0.1% by volume) at 60°C and 
60% RH. After exposing the test sample to air by open- 
ing the container, the change of concentration of the or- 
ganic colorant was traced by a visible spectrophotome- 
ter, and the heat resistance was evaluated by the degree 
of change. Even after 1 0 days of starting the accelerated 
heat exposure test, no decrease in the peak intensity of 
the maximum absorption of methylene blue at about 650 
nm was noticed. 

COMPARATIVE EXAMPLE 2 

[0037] In the same manner as in Example 4, a com- 
mercially available oxygen detecting agent of tablet type 
("AGELESS EYE C", trademark of Mitsubishi Gas 
Chemical Company, Inc.) was placed in a gas-barrier 
container and stored under a deoxygenated condition 
at 60°C and 60% RH to carry out the accelerated heat 
exposure test. After exposing the test sample to air by 
opening the container, the change of concentration of 
the organic colorant was traced by a visible spectropho- 
tometer, and the heat resistance was evaluated by the 
degree of change. The peak intensity of the maximum 
absorption of methylene blue at about 650 nm was de- 
creased by 10% after three days and by 17% after 10 
days. 

COMPARATIVE EXAMPLE 3 

[0038] A tablet was prepared in the same manner as 
in Example 3 except for omitting the use of cetyltrimeth- 



ylammonium chloride. The results of the color change 
test carried out in the same manner as in Example 1 
taughtthat the tablet did not change its colorto pinkthat 
indicated the deoxygenated condition even 24 h after 
5 the inner atmosphere of the gas-barrier container 
reached the deoxygenated condition (oxygen concen- 
tration of less than 0.1% by volume), i.e., the tablet did 
not show the oxygen detecting function. 

EXAMPLE 5 

[0039] A mixture of 20 mL of a 5.0 g/L aqueous dis- 
persion of a layered silicate (synthetic smectite 
"SUMECTON SA"), 10 mL of a 0.51 mmol/L aqueous 
solution of methylene blue, and 5 mL of an aqueous so- 
lution dissolving 0.18 g of L-(+)-ascorbic acid and 0.18 
g of cetyltrimethylammonium bromide was mixed by ul- 
trasonic wave for 30 min and then subjected to centrif- 
ugal separation to obtain a blue translucent massive ox- 
ygen detecting agent. 

[0040] The following color change test was conducted 
using the oxygen detecting agent thus obtained. The ox- 
ygen detecting agent was hermetically stored in a gas- 
barrier container together with a commercially available 
oxygen absorbing agent ("AGELESS SA", trademark of 
Mitsubishi Gas Chemical Company, Inc.). The oxygen 
concentration in the container was traced by a zirconia 
oxygen analyzer. The oxygen detecting agent turned 
near colorless transparent almost simultaneously with 
reaching a deoxygenated state (oxygen concentration 
of less than 0.1% by volume), and immediately returned 
to its original bluish transparent state upon exposure to 
airby openingthecontainer. This procedure was repeat- 
ed to confirm that the color change was reversible with 
respect to the oxygen concentration. 

EXAMPLE 6 

[0041] A mixture of 20 mL of a 5.0 g/L aqueous dis- 
persion of the smectite, 1 0 mL of a 0.5 mmol/L aqueous 
solution of methylene blue, and 5 mL of an aqueous so- 
lution dissolving 0.18 g of D-(+)-glucose and 0.36 g of 
cetyltrimethylammonium bromide was mixed by ultra- 
sonic wave for 30 min, and adjusted to pH 1 1 .0 by drop- 
ping a 0.1 N NaOH. The resultant mixture was subjected 
to suction filtration using a membrane filter having 0.45 
u.m pore size to obtain a blue transparent oxygen de- 
tecting agent of thin-film type. 

[0042] The obtained blue transparent oxygen detect- 
ing agent of thin-film type contained 1 .2 mol of cetyltri- 
methylammonium bromide, 0.056 mol of methylene 
blue and 4.3 mol of D-(+)-glucose, each based on 1 .0 
charge equivalent of the exchangeable cations in the 
smectite. 

[0043] Using the blue transparent oxygen detecting 
agent of thin-film type, the color change test was carried 
out in the same manner as in Example 1 . The oxygen 
detecting agent turned near colorless transparent al- 
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most simultaneously with reaching a deoxygenated 
state (oxygen concentration of less than 0.1% by vol- 
ume), and immediately returned to its original bluish 
transparent state upon exposure to air by opening the 
container. This procedure was repeated to confirm that 
the color change was reversible with respect to the ox- 
ygen concentration. 

[0044] The interlayer distance of the oxygen detecting 
agent was measured as 2.60 nm by X-ray diffractometry, 
while 1 .31 nm for the starting smectite. Since the inter- 
layer distance was increased from 1 .31 nm to 2.60 nm 
by the treatment with methylene blue, D-(+)-glucose 
and cetyltrimethylammonium bromide, it would appear 
that these compounds were intercalated between the 
layers. In an intercalation compound obtained by inter- 
calating an organic compound between the layers of a 
layered silicate, the intercalated compound can be gen- 
erally removed by heat treatment. By the heat treatment 
at 400°C for 2 h in air, the interlayer distance of the blue 
transparent, thin-film oxygen detecting agent was re- 
duced to 1 .32 nm that was nearly equal to the interlayer 
distance of the starting smectite. 

EXAMPLE 7 

[0045] An aqueous dispersion (100 ml_) containing 
0.2 meq/L of layered silicate (synthetic smectite), 0.01 
mmol/L of methylene blue, 1 .0 mmol/L of cetyltrimethy- 
lammonium chloride and 2.0 mmol/l of L-(+)-ascorbic 
acid was filtered through a membrane filter having a di- 
ameter of 35 mm and a pore size of 0.2 jam to obtain a 
blue transparent oxygen detecting agent of thin-film 
type. 

[0046] The blue transparent oxygen detecting agent 
of thin-film type was subjected to the following acceler- 
ated light exposure test. The oxygen detecting agent 
was placed on a slide glass and irradiated with a visible 
light of 390 nm or more from a xenon lamp. The change 
of concentration of the organic colorant was traced by 
a visible spectrophotometer, and the light resistance 
was evaluated by the degree of change. The peak in- 
tensity of the maximum absorption of methylene blue at 
about 650 nm was reduced with the exposing time to 
visible light, and, after 30 min of the exposure, reduced 
to about 50% of its initial level before starting the expo- 
sure. The luminous energy of 500 nm visible light used 
herewas4.14 W, and the luminous energy of visible light 
from a room fluorescent lamp was 0.2 mW. Therefore, 
the 30-min exposure to light from the xenon lamp in this 
example corresponded to 430-day exposure to light un- 
der ordinary room fluorescent lamps. 

COMPARATIVE EXAMPLE 4 

[0047] A commercially available oxygen detecting 
agent of tablet type ("AGELESS EYE C" tradename of 
Mitsubishi Gas Chemical Company, Inc.) was subjected 
to the same accelerated light exposure test using a vis- 



ible lightfrom a xenon lamp as in Example 3. After5 min 
of the exposure to light, the concentration of the organic 
colorant component in "AGELESS EYE C" was reduced 
to about 50% of the initial concentration before expo- 
5 sure. Thus, the 5-min exposure to light from the xenon 
lamp in this example corresponded to 72-day exposure 
to light under ordinary room fluorescent lamps. 

COMPARATIVE EXAMPLE 5 

10 

[0048] A printed oxygen detecting agent produced us- 
ing an oxygen detecting ink ("PAPER EYE UYR" trade- 
mark of Mitsubishi Gas Chemical Company, Inc.) was 
subjected to the same accelerated light exposure test 
15 using a visible light from a xenon lamp as in Example 3. 
After 0.08 min of the exposure to light, the concentration 
of the organic colorant component in "PAPER EYE 
UYR" was reduced to about 50% of the initial concen- 
tration before exposure. Thus, the 0.08-min exposure to 
20 light from the xenon lamp corresponded to 1 -day expo- 
sure to light under ordinary room fluorescent lamps. 

EXAMPLE 8 

25 [0049] Into a mixture of 200 mL of a 5.0 g/L aqueous 
dispersion of smectite, 100 mL of a 0.16 g/L aqueous 
solution of methylene blue and 25 mL of a 64 g/L aque- 
ous solution of cetyltrimethylammonium chloride, was 
added a 1 .8 g of L-(+)-ascorbic acid. The resulting mix- 

30 ture was subjected to suction filtration using a mem- 
brane filter having a pore size of 0.45 ^im to obtain a 
blue transparent oxygen detecting ink pigment in the 
form of a thin film. 

[0050] The oxygen detecting ink pigment was mixed 

35 with 3.8 g of a pentaerythritol ester of rosin, 1 .3 g of pro- 
pylene glycol monoethyl ether, 1 .3 g of mineral spirits 
and 2.0 g of clay to prepare an oxygen detecting ink. 
Blue picture symbols were screen-printed on a wood- 
free paper with the oxygen detecting ink. The printed 

40 paper was hermetically stored in a transparent gas-im- 
permeable container together with an oxygen-absorb- 
ing agent ("AGELESS SAPE", trademark of Mitsubishi 
Gas Chemical Company, Inc.) and cotton impregnated 
with water. Within 3 days, the blue picture symbols 

45 changed to almost colorless, and returned to its original 
blue color within 40 min upon exposure to air. This indi- 
cates that the oxygen detecting ink pigment of the 
present invention exhibited a good printability and a 
good oxygen detecting function. 

50 [0051] As described above, in accordance with the 
present invention, there is provided an oxygen detecting 
composition having a relatively high light and heat sta- 
bility. 

[0052] Thus, the oxygen detecting composition of the 
55 present invention is of great value as a powdery oxygen 
detecting agent, a tableted oxygen detecting agent, an 
oxygen detecting agent comprising paper, cloth or fiber 
impregnated with the oxygen detecting composition, or 
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an oxygen detector applied or printed with a oxygen de- 
tecting inkcontaining the oxygen detecting composition, 
for preserving foods and maintain the quality of medical 
and pharmaceutical products. 

[0053] Further, in accordance with the present inven- 5 
tion, there is provided a transparent or translucent solid 
oxygen detecting agent, which makes the packaged 
content easily visible outwardly without hiding the con- 
tents therebehind. 



Claims 

1. An oxygen detecting composition comprising a 
composite material prepared by mixing, as essen- 15 
tial components, a layered silicate, a cationic sur- 
factant, an organic colorant and a reducing agent. 

2. The oxygen detecting composition according to 
Claim 1 , wherein the cationic surfactant, the organic 20 
colorant and the reducing agent are intercalated be- 
tween layers of the layered silicate. 

3. The oxygen detecting composition according to 
Claim 1 or 2, wherein the layered silicate is selected 25 
from smectite group silicates. 

4. The oxygen detecting composition according to 
Claim 1 or 2, wherein the oxygen detecting compo- 
sition further comprises a basic substance. 30 

5. An oxygen detecting agent comprising the oxygen 
detecting composition as defined in any one of 
Claims 1 to 4 and an inorganic substance. 

35 

6. The oxygen detecting agent according to Claim 5, 
which is made into a form of tablet. 

7. An oxygen detecting agent comprising paper, cloth 

of fiber impregnated with the oxygen detecting com- 40 
position as defined in any one of Claims 1 to 4. 

8. An oxygen detecting ink pigment comprising the ox- 
ygen detecting composition as defined in any one 

of Claims 1 to 4. 45 

9. An oxygen detecting ink comprising the oxygen de- 
tecting composition as defined in any one of Claims 
1 to 4. 

50 

10. An oxygen detector made by applying or printing the 
oxygen detecting ink according to Claim 9. 
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ABSTRACT: 

CHG DATE=20030702 STATUS=0>????The oxygen 
detecting composition of the present invention comprises a 
layered silicate, a cationic surfactant, an organic colorant, a 
reducing agent, and optionally a basic substance. The 
oxygen detecting composition is suitable for indicating the 
presence or absence of oxygen or the degree of oxygen 
concentration by its reversible color change because of its 
high light resistance, high heat resistance, transparency 
and translucency. 
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